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Enable NASA’s Scientific Research, Space Exploration, and 
Aerospace Technology Missions

with greater mission assurance, for less cost,
with increased science return

through the development and use of
advanced computing, information and
communications technologies.

CICT Program Goal



NASA CICT Goal
- From Guidance and Requirements to Goal -

GUIDANCEGUIDANCE

NASA CICT Goal 

Enable NASA’s Scientific Research, Space Exploration, and Aerospace Technology Missions
with greater mission assurance, for less cost, with increased science return

through the development and use of advanced computing, information and communications technologies.

REQUIREMENTSREQUIREMENTS

PITAC Report Research Priorities:
• Software
“…special emphasis should be placed … on managing
large amounts of information, making computers easier, 
to use making software easier to create and maintain, and 
and improve the ways humans interact with computers”

• Scalable Information Infrastructure
“ …research to learn how to build and use large, 
complex, high-reliable, and secure systems…”

• High-End Computing
“Funding should focus on …. overcoming the 
limitations of today’s systems…”

NASA Mission:
To understand and protect our home planet
To explore the Universe and search for life
To inspire the next generation of explorers

NASA Enterprises execute missions:
• Earth Science
• Space Science
• Biological and Physical Research
• Human Exploration and Development of Space
• Aerospace Technology

NASA CICT Role:
• Develop computing, information, and communication 

technologies in support of NASA mission requirements



NASA Strategic Plan

Computing, Information and
Communications Technologies
are critical to NASA Missions



NASA Mission: 
Scientific Research

Mission:
To advance and communicate scientific 
knowledge and understanding of the 
Earth, the solar system, and the 
universe

Space Science Enterprise:
“…reap benefits of technology investments, including biological, 

information, and nanotechnology systems”

“…enable a virtual presence for autonomous scientific discovery”

Earth Science Enterprise: 
“…implement autonomous satellite control…”

“…deploy cooperative satellite constellations, intelligent sensor 
webs…”

“…employ distributed computing and data mining techniques for 
Earth system modeling” 



NASA Mission: 
Space Exploration

Mission:
To advance human exploration, 
use, and development of space

Biological and Physical Research Enterprise:
“…extend our understanding of chemical, biological, and physical 

systems”

Human Exploration and Development of Space 
Enterprise: 

“…establish robotic/engineering “outposts” at key sites…” 

“…extend scientific discovery on missions of exploration through the 
integrated use of human and robotic explorers” 

“Invest in the development of high-leverage technologies to enable 
safe, effective and affordable human/robotic exploration.”



Mission:
To research, develop, verify, and 
transfer advanced aeronautics 
and space technologies

NASA Mission: 
Aerospace Technology Development 

Aerospace Technology Enterprise:
“… develop processes and technology improvements to 

support safer crewed launches…” 

“… develop advanced engineering tools, processes, and 
design environments…”

“… pioneer basic research in revolutionary technologies 
such as nanotechnology, information technology, and 
biotechnology.” 



NASA Mission 
CICT Technology Requirements 

NASA Mid- and Long-Term Mission Plans are reliant 
on the availability of advanced information technologies: 

– Smarter more intelligent, collaborative systems including:
• Autonomous spacecraft control and scientific discovery
• Intelligent sensorwebs and cooperating constellations
• Integrated human/robotic explorers

– Advanced computing and communication systems including:
• Breakthrough science and engineering simulation capabilities 
• Mobile, distributed analysis, data mining, and collaboration 

capabilities 
• Pervasive Earth-to-deep space communications technologies to 

support robotic and human exploration

– Revolutionary technologies, including:
• Intelligent controls and diagnostics
• Evolvable systems 
• Automated software engineering 
• Biotechnology and nanotechnology
• Revolutionary computing concepts
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Goal-directed human-centered systems
Enable smarter, more adaptive systems and tools that work collaboratively 
with humans in a goal-directed manner to achieve NASA’s twenty-first century 
mission/science goals.

Seamless access to NASA information technology resources
Enable seamless access to ground-, air-, and space-based distributed 
hardware, software, and information resources to enable NASA missions in 
aerospace, Earth science, and space science. 

High-rate data delivery
Enable broad, continuous presence and coverage for high-rate data delivery 
from ground-, air-, and space-based assets directly to the users. 

Revolutionary technology infusion
Research, develop, and evaluate a broad portfolio of fundamental information 
and bio/nano-technologies with the potential to revolutionize future NASA 
missions. 

CICT Program Technical Objectives 



Requirements
Goal
Technical Objectives

Program Structure
Organization
Integrated Capability

Program Processes
Overall Investment Strategy
Program Level Customers
Example Selection Process (CICT IS)

Resources

Outline 



Intelligent Systems

Enable smarter, more adaptive systems 
and tools that work collaboratively with 
humans in a goal-directed manner to 
achieve the mission/science goals.

IT Strategic Research

Research, develop and evaluate a broad portfolio of fundamental 
information and bio/nano technologies for infusion into NASA missions.

Computing, Networking 
and Information Systems

Provide seamless access to ground-, air- and 
space-based distributed computing, information, 

and knowledge to enable NASA missions in 
aerospace, Earth science and space science.

Space Communications
Provide revolutionary space communications 

technologies

CICT Program Structure



Intelligent Systems

• Automated Reasoning

• Human Centered Computing 

• Intelligent Data Understanding

IT Strategic Research

Computing, Networking 
and Information Systems

Space Communications

CICT Program Structure

• Grand Challenge Applications
• Information Environments
• Grid Common Services
• Advanced Computing and Com. Testbeds

• Intelligent Com. Arch.
• High Rate Backbone 
• Flexible Access Net.

• Bio/Nano Technologies
• Evolvable Systems 
• Revolutionary Computing

• Intelligent Controls & Diagnostics
• Automated Software Engineering Technologies

• Inter-spacecraft Net..
• Proximity Wireless 
Net.



Information Environments and Applications

High-end Networking and Advanced Computing Testbeds

Grid Common Services

CICT Program Overview
Integrated Capability Goal



CICT Program Structure
Space Communications

Backbone, Access, Inter-Spacecraft and 
Proximity Networks

Intelligent Communications
Architectures

CICT Program Overview
Integrated Capability Goal



Automated Reasoning

Intelligent Data
Understanding

Human-Centered
Systems

CICT Program Overview
Integrated Capability Goal



Revolutionary Computing

Intelligent Controls

Evolvable Systems

Software Engineering

Bio/Nano Technology

CICT Program Overview
Integrated Capability Goal



IT Strategic 
Research

IS Automated Reasoning

IS Intelligent Data
Understanding

IS Human-Centered Systems

Computing, Networking  and Information Systems

Space Communications

CICT Program Overview
Integrated Capability Goal
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Information Technology
Strategic Research Project

Space Communications 
Project

Computing, Information, 
and Networking Systems
Project

Intelligent
Systems
Project

CICT Program FY02
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CICT ProgramCICT Program
-- Historical Perspective Historical Perspective --

1991 2001

High Performance Computing and Communications 
Program

Space Base Program (CICT Elements)

OMB Guidance
“ Streamline NASA IT Programs”

Information Technology Base
Program

Intelligent Systems
Program

Intelligent Synthesis 
Environment 
Program



NASA
Missions

CICT Role In 
NASA Technology Flow

Computing, 
Information, and 
Communications 
Industries

NASA 
Cross-Enterprise 
CIC Requirements

Emerging 
Fundamental 
Technologies

Earth & Space
Industries

TRL

NASA 
Mission
Programs

Aerospace
Commercial
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NASA
Missions

CICT Technology 
- Requirements to Development to Infusion -

Computing, 
Information, and 
Communications 
Industries

NASA Mission 
Programs

Theory Hard Application/
Prototypes

Technology 
Opportunities & 
Cross-Enterprise
Requirements

Academia/NASA 
teams bring theory to 
bear on applications

NASA/Industry teams 
bring application to 
NASA missions

NASA Missions 
exploit technology, 
and update NASA 
requirements

CICT Program 

Theory

Hard Application/
Prototypes

Revolutionary
Technology
Opportunities

NASA
Requirements

Technology
Investment
Strategy

Investment 
Decisions

Portfolio
Balance

Return 
on

Investment



CICT Technology 
- Requirements to Development to Infusion -

Computing, 
Information, and 
Communications 
Industries

Theory

Technology 
Opportunities & 
Cross-Enterprise
Requirements

Academia/NASA 
teams bring theory to 
bear on applications

CICT Program 

Theory

Technology
Investment
Strategy

Investment 
Decisions

Requirements Processes

• Enterprise Strategic Planning
– Enterprise Strategic Plans
– IT Investments Evaluation

• Code S/Y - FY01

• Enterprise CIC Requirements Processes
– Mission Needs Council
– Enterprise Workshops

• PRT Dec 01 - Jan 02
• IS/SC Pre-NRA

• Enterprise Mission and CICT             
Joint Planning & Execution

– Mars Missions
– Space Comm. Architectures

Technology Opportunities
• Monitor emerging technologies through

– Federal R&D agendas
– Professional organizations
– Literature
– Advisors
– Personal liaisons

Portfolio
Balance

Return 
on

Investment

Revolutionary
Technology
Opportunities

NASA
Requirements



NASA
Missions

CICT Technology 
- Requirements to Development to Infusion -

Computing, 
Information, and 
Communications 
Industries

Theory Hard Application/
Prototypes

Technology 
Opportunities & 
Cross-Enterprise
Requirements

Academia/NASA 
teams bring theory to 
bear on applications

NASA/Industry teams 
bring application to 
NASA missions

CICT Program 

Theory

Hard Application/
Prototypes

Technology
Investment
Strategy

Investment 
Decisions

• Technology opportunities

• Balance
– Missions
– Time Horizon
– Risk

Investments

• Mission IT requirement

• Gap analysis

• Return on investment

Portfolio
Balance

Return 
on

Investment

Revolutionary
Technology
Opportunities

NASA
Requirements



NASA
Missions

CICT Technology 
- Technology Development Processes -

Computing, 
Information, and 
Communications 
Industries

Theory

Academia/NASA 
teams bring theory to 
bear on applications

NASA/Industry teams 
bring application to 
NASA missions

CICT Program 

Primary
Technology Development 

Processes

• Academia/NASA teams develop theory 
to prototype technologies level.

– Exploratory NRAs
– IT Strategic Research 

• Bio/Nanotechnology  
• Evolvable Systems concepts

• NASA/Industry teams mature and 
integrate prototype technologies with 
target initial NASA missions. 

Hard Application/
Prototypes



Theory

CICT Technology 
- Technology Infusion Processes -

NASA
Missions

Hard Application/
Prototypes

NASA
Missions

Academia/NASA 
teams bring theory to 
bear on applications

NASA/Industry teams 
bring application to 
NASA missions

CICT Program 

Hard Application/
Prototypes

NASA Mission 
Programs

NASA Missions 
exploit technology, 
and update NASA 
requirements

Primary Technology 
Infusion Processes

• Target initial mission applications       
early in technology development    
process & work jointly with target 
Enterprise mission towards       
technology infusion:

– IS
• Mars ‘03 and ‘09 Missions
• Earth Modeling Teams
• Shuttle Operations 

– CNIS
• Climate Modeling Teams
• ISS and Shuttle Operations

• Once technology has been tested             
in a mission application, migrate              
to operational/commercial elements:

– NASA operational elements
• COSMO and SOMO
• Mission Ops (Codes M & S)

– Industry Sectors
• Network & Space Comm.
• High-Performance Computing



CICT Technology Infusion Activities

Examples
• Mars Exploration Rover (MER-Mars 03 Mission)

• Supports the Office of Space Science (Code S)
• MER Operations Study
• MER Board
• MER Planning & Scheduling

• Multi-Level Parallelism
• Supports the Office of Aerospace Technology (Code R) and the Office of 

Earth Science (Code Y)
• Increases performance and usability of large-processor-count computing 

systems
• 40X improvement on FVCCM3 climate code

• Advanced Space Communications Capability
• Supports the Office of Space Science (Code S)
• 100 Watt Traveling Wave Tube Microwave Sources for Mars missions
• Transceiver Chip for Mars 05 Mission for Electra Communication Payload 

Package for Baseband Signal Processing

• Advanced Space Operations Capability
• Supports the Office of Space Flight (Code M)
• Real-time automated reasoning and trouble shooting for software 

embedded systems (e.g. Diagnostics on Space Station)
• Intelligent diagnostic software for enhanced caution and warning
• Sensor fusion techniques for anomaly detection



CICT 
Customers & Partners

Comp. Sci., 
Biological, and 
Nanotechnology 
communities 

Aerospace & IT 
Industries and other 
NASA providers

OAT, OES, OSS, 
OSF

Information 
Technology 
Strategic Research

DOD, Comm and 
networking 
communities

Aerospace, satellite, 
and wireless comm. 
Industries 

OSS, OES, OSF,
OAT

Space 
Communication

Earth and Space 
Science 
communities

Aerospace & IT 
Industries and other 
NASA providers

OAT, OES, 
OSS, OSF,
NASA IT Ops. Orgs. 

Computing, 
Networking, and 
Information Systems

Comp. Sci., Earth, 
and Space Science 
communities

Aerospace & IT  
Industries and other 
NASA providers 

OES, OSS
OAT, OSF

Intelligent Systems

National Research 
Community

National Commercial 
Sector

NASA Mission 
Customers

OAT
OES
OSS
OSF

- Aerospace Technology Enterprise
- Earth Space Enterprise
- Space Science Enterprise
- Human Exploration and Development of Space

Red
Blue
Black

- Primary Technology Customer (Driving Requirements)
- Technology Customer
- Technology Beneficiary and/or Partner



CICT IS Funding Strategy

IS Competitive Research
Awards to the Computational Science Community
(98% of the peer reviewers for this work are outside NASA)

IS Milestone-Directed Work

IS Competitive Research is
Applied to NASA
relevant problems through
the Milestone-Directed work.

It is the interaction between 
fundamental computational 
science theory and hard NASA 
problems which produces 
breakthrough results.

Total IS Research
Funding



Process for the Competitive Research Work

Step One (White Paper) 
Proposals > 500

Step Two (Full) Proposals > 250

Internal Peer Review – IS Project Office
Criteria: Quality & NASA Relevance

External Peer Review – 98% External to NASA
Criteria: Quality

Technically Excellent Proposals > 100

Mission Relevancy – Enterprise Representatives
Criteria: Enterprise Relevance

52 Funded Projects - Awarded
Final Selections made with active 
concurrence of the Enterprises



Initial IS Research Solicitation

AR

HCC

IDU

52 Research Awards to the Computational Science Community:
$8.5M in FY01, $17.2M in FY02

High Potential Research Breakthroughs

Automated Derivation of Causal Links
for Earth Observing Systems

A new generation of highly capable
science rovers



Examples: Migration of Breakthrough Research 
into NASA Missions

Automated Derivation of Causal Links
for Earth Observing Systems

Automated Discovery Procedures for Gene Expression
C. Glymour/Carnegie Mellon University

IS Research Award

Earth Science Exemplar Data Sets
NASA/GSFC

Extensions of Serial Analysis into Causal Links
Univ. of West Florida

IS Milestone-Directed Work

A new generation of highly capable
science rovers

Multi-Resolution Planning in Uncertain Environments
L. Kaelbling/MIT

IS Research Award

Space Science Mars Mission Requirements
NASA/JPL

IS Milestone-Directed Work
Automated Rover Science

NASA/JPL
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CICT Program Budget

Note:  Budget does not include Congressional Earmarks of $13.6M

CICT FY 2002 Budget by Project
$137.5M 

Intelligent Systems(IS)

Computing, Networking, and 
Information Systems(CNIS)

IT Strategic Research(ITSR)

Space Communication(SC)

$28.4M

$42.7M

$59.3M

$7.1M

 



CICT Program Budget

Budget by Project FY'02 FY'03 FY'04 FY'05 FY'06 FY'07
   IS 59.3 79.6 73.8 54.2 32.4 0.0
   SA 18.2 41.3 73.8
   CNIS 42.7 37.0 42.8 23.7 0.0 0.0
   IGS 17.5 37.0 36.9
   SC 7.1 7.6 7.6 7.6 7.6 7.6
   ITSR 28.4 29.7 30.1 30.3 29.7 29.5
   Total 137.5 153.9 154.3 151.5 148.1 147.9
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CICT Program Workforce

Workforce  by Project FY'02 FY'03 FY'04 FY'05 FY'06 FY'07
   IS 85.0 95.0 97.0 73.0 43.0 0.0
   SA 23.0 51.0 90.0
   CNIS 189.0 191.0 187.0 85.0 0.0 0.0
   IGS 112.0 197.0 197.0
   SC 36.0 42.0 42.0 42.0 42.0 42.0
   ITSR 90.0 87.0 88.0 74.0 74.0 74.0
   Total 400.0 415.0 414.0 409.0 407.0 403.0
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CICT Program Budget
CICT FY 2002 Budget by Performer

$M 

$1.3
Other Government

1%

$29.0
Academia/Non Profit

21%

$15.9
JPL
12%

$66.3
Industry

48%

$25.0
NASA Institutional

18%

 



CICT Program Budget

Performer FY'02 FY'03 FY'04
NASA Institutional 25.0 27.4 27.6
Other Government 1.3 0.4 0.4
Academia/Non Profit 29.0 40.2 39.5
JPL 15.9 15.8 15.7
Industry 66.3 70.1 71.1
   Total 137.5 153.9 154.3
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CICT Program Budget
CICT FY 2002 Budget by Mechanism

$M 

$99.5
Open Competition 
NASA Reviewed

73%

$33.2
Open Competition 
External Review

24%

$4.8
Sole Source

3%

 



CICT Program Budget

Mechanism FY'02 FY'03 FY'04
Sole Source 4.8 3.9 4.2
Open Competition 
NASA Reviewed 99.5 103.8 103.8
Open Competition 
External Review 33.2 46.2 46.4
   Total 137.5 153.9 154.3

CICT Budget by Mechanism
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CICT Program Budget

Mechanism FY'02 FY'03 FY'04
Sole Source 1.6 1.4 1.3
Open Competition 
NASA Reviewed 9.7 11.0 10.1
Open Competition 
External Review 17.7 27.9 28.1
   Total 29.0 40.2 39.5

CICT Budget by Academia/NonProfit
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CICT Program Budget

Mechanism FY'02 FY'03 FY'04
Sole Source 2.3 1.7 1.7
Open Competition 
NASA Reviewed 57.6 58.3 59.4
Open Competition 
External Review 6.4 10.1 10.0
   Total 66.3 70.1 71.1

CICT Budget by Industry
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